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A DEVICE FOR RECORDING PRESSURE, PULSE VOLUME, AND 

MECHANOGRAM ON THE MPO-2 OSCILLOGRAPH 

N.  N .  Vasi levskiy and 0. Y e .  Guzeyev 

(Cen t ra l  S c i e n t i f i c  Research Laboratory I of t h e  I. P. Pavlov 
Medical I n s t i t u t e ,  Leningrad) 

ABSTRACT 

The au tho r s  desc r ibe  t h e  c o n s t r u c t i o n  of a 

pneumovibrator t o  b e  used i n  r eco rd ing  p u l s e  volume 

and blood p r e s s u r e , i n  plethysmography, and i n  

mechanograms. It i s  recommended f o r  e x t e n s i v e  use  

under experimental  and c l i n i c a l  cond i t ions .  / / *  17 Th;, r’ 

The domestic MFO-2 o s c i l l o g r a p h  has  found e x t e n s i v e  a p p l i c a t i o n  /886* 

i n  experimental  and c l i n i c a l  medicine. It i s  p o s s i b l e  t o  record d i f f e r e n t  

e lec t r ic  s i g n a l s  by means of t h i s  o s c i l l o g r a p h .  However, when r eco rd ing  

such p rocesses  as, f o r  example, blood p r e s s u r e ,  p u l s e ,  r e s p i r a t i o n ,  e tc . ,  

one must employ t h e  a p p r o p r i a t e  conve r t e r s  ( t r a n s d u c e r s )  w i th  s p e c i a l  

amplifying dev ices .  

t h e  m a j o r i t y  of cases s impler  devices  can b e  used. 

It i s  necessary t o  employ them i n  many c a s e s ,  but  i n  

I n  1954, D.  N. Menit- 

s k i y  used an  o p t i c a l  manometer of t h e  N .  N.  S a v i t s k i y  mechanocardiograph 

f o r  t h e s e  purposes.  

We developed a s impler  c o n s t r u c t i o n  of t h e  o p t i c a l  a i r  manometer f o r  

* Note: Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  o r i g i n a l  f o r e i g n  
t e x t .  



. 
t h e  MPO-2 o s c i l l o g r a p h  (pneumovibrator). Experiments r evea led  g r e a t  ex- 

p l o i t a t i o n  q u a l i t i e s :  simpleness of c o n s t r u c t i o n ,  g r e a t  r e l i a b i l i t y ,  

s u f f i c i e n t  l i n e a r i t y  and s t a b i l i t y  of r eco rd ings ,  good s e n s i t i v i t y  and 

r e l a t i v e l y  h igh  e i g e n  frequency of f l u c t u a t i o n s .  

Cons t ruc t ion  and C h a r a c t e r i s t i c s  of t h e  Pneumovibrator 

The pneumovibrator i s  mounted w i t h i n  t h e  body of a s t anda rd  v i b r a t o r  

of t h e  MPO-2 o s c i l l o g r a p h .  Its bas i c  element is  a hermetic  c a p s d e w i t h  

a corrugated membrane made of po lys ty rene  (Figure 1, 3 ) .  

Figure 1 

Diagram Showing Construct ion of Pneumovibrator 

1 - Body of Standard V i b r a t o r ;  2 - Capsule Body; 
3 - Corrugated P l a s t i c  Membrane; 4 - Metallic 
Band; 5 - Speculum; 6 - End of Metallic Band 
Attached t o  Support 7 ;  8 - Support;  9 - Aperture 
of S ide  F i t t i n g  f o r  Attaching Connecting A i r  Tube; 
10 - Opening i n  Vibrator  Body. 

The capsu le  is f i r m l y  a t t ached  t o  t h e  s u p p o r t s  8. A r e s i l i e n t ,  f i n e ,  and 

narrow m e t a l l i c  band 4 i s  a t t ached  t o  t h e  c e n t e r  of t h e  membrane; t h e  o t h e r  

end of r h i s  band 6 i s  r i g i d l y  attached to siipport  7. Thc s p e c u l m  5 f r n m  

a s t anda rd  v i b r a t o r  is  a t t a c h e d  a t  t h e  p o i n t  where t h i s  band bends,  which 

i s  l o c a t e d  o p p o s i t e  t h e  opening i n  t h e  v i b r a t o r  body 10. 

The membrane i s  d e f l e c t e d  i n  o r d e r  t o  i n c r e a s e  t h e  p r e s s u r e  w i t h i n  

t h e  capsu le .  Its motion i s  t r ansmi t t ed  t o  t h e  speculum, which t u r n s  on its 
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a x i s  and changes t h e  d i r e c t i o n  of t he  r e f l e c t e d  l i g h t  r ay .  

The s e n s i t i v i t y  of t h e  v i b r a t o r  depends on t h e  membrane th i ckness .  /887 

The v i b r a t o r  can be manufactured with a s e n s i t i v i t y  ranging from s e v e r a l  

m i l l i m e t e r s  of an  a i r  column (with a membrane t h i c k n e s s  of 15-20 microns) 

up t o  hundreds of m i l l i m e t e r s  of a mercury column ( f o r  a membrane th i ck -  

n e s s  of more than 0 .1  mm) throughout t h e  e n t i r e  width of t h e  o s c i l l o g r a p h  

f i l m .  I n  p r a c t i c a l  terms, i t  i s  advantageous t o  have v i b r a t o r s  w i th  a 

h igh  s e n s i t i v i t y ,  s i n c e  i t  i s  p o s s i b l e  t o  adapt  them f o r  measuring any 

p r e s s u r e  l i m i t  i n  t h e  d e s i r e d  scale by us ing  p r e s s u r e  l i m i t i n g  dev ices  

( t r a n s f o r m e r s ) .  I n  t h e s e  cases, t h e  p r e s s u r e  l i m i t i n g  dev ices  supply only 

p a r t  of t h e  p r e s s u r e  t o  t h e  v i b r a t o r  body, no t  deforming t h e  form o r  ampli- 

t u d e  of r a p i d  f l u c t u a t i o n s .  The l i m i t i n g  dev ices  shown i n  F igu re  2 are 

The v i b r a t o r  body i s  connected w i t h  t h e  l i m i t i n g  dev ice  c a v i t y  o r  

w i t h  t h e  p r e s s u r e  sou rce  by means o f  a p l a s t i c  t ube  having a diameter VI 

. 

3-4 mm. The tube  l e n g t h  must not  exceed 1.5-2 meters f o r  a c c u r a t e  measure- 

ments.  
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Figilre 3 

Samples of Oscillograms Obtained With a Pneumovibrator 

Oscillograms: a - Eigen Frequency of Pneumovibrator 
(Recording Time 1/50 Seconds); b - Arterial Pressure 
in Carotid of Cat; c - Cerebrospinal Fluid Pressure in 
the Suboccipital Cisterna of a Cat; d - Pulse Volume 
of the Carotid in Man; f - Finger Plethysmogram 
when Cold Stimulus is Applied; g - Cardiac Impulse in 
Man; h - Movement of Mandibles During Mastication of 
Nut Kernel. On Oscillogram h: Upper Curve - Bioelectric 
Currents of Masticating Muscle; Middle Curve - Movement 
of Mandibles; Lower Curve - Time Marking (1 sec). In 
Remaining Oscillograms, a - g: Middle Curve - Zero Time 
Marking; Lower Curve - Time Marking (1 sec). 

The pneumovibrator has a high eigen frequency, which is 400-500 /888 

cycies, as a rule <Figiiye 3 ,  a>. 

The vibrator readings are stable; their nonlinearity is not greater 

than 1-3%; the drift of the pneumovibrator is minimal and is observed 
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on ly  i n  t h e  f i r s t  few minutes .  The d r i f t  completely s t o p s ,  s i n c e  on ly  a 

thermal  equ i l ib r ium i s  e s t a b l i s h e d  between t h e  o b j e c t ,  t h e  a i r  system of 

t h e  pneumovibrator,  and t h e  surrounding medium. Therefore ,  several 

minutes  a f t e r  t h e  pneumovibrator is connected,  i t  must be  v e r i f i e d  t h a t  

t h e  r a y  i s  a t  t h e  ze ro  p o s i t i o n .  For t h i s  purpose,  a three-way cock must 

be  p laced  between t h e  o b j e c t  and the  l i m i t i n g  dev ice  o r  t h e  a i r  system 

of t h e  pneumovibrator (F igu re  2 ) .  

Appl ica t ion  of t h e  Pneumovibrator 

P u l s e  Volume 

The g r e a t  s e n s i t i v i t y  and the  h igh  e igen  frequency of t h e  pneumovi- 

b r a t o r  enab le  i t  t o  be  used f o r  record ing  t h e  p u l s e  wave and i t s  propaga- 

t i o n  rate wi thout  any s i g n i f i c a n t  d i s t o r t i o n  of t h e  form. The record ing  

technique  is  simple.  A Marey capsule  i s  a t t a c h e d  a t  t h e  p o i n t  where t h e  

a r t e r i a l  t r u n k  i s  p ro jec t ed  on the  s k i n ;  t h i s  capsu le  has  a f i n e  rubber  

membrane and an  element of porous rubber .  The capsu le  c a v i t y  i s  d i r e c t l y  

connected (without  a l i m i t i n g  device)  by means of t h e  three-way cock w i t h  

t h e  a i r  system of t h e  pneumovibrator. F igu re  3,  d ,  s show sample record ings  

of t h e  p u l s e  volume of t h e  r a d i a l  a r t e r y  and t h e  c a r o t i d  i n  man. 

Plethysmography 

The pneumovibrator i s  p a r t i c u l a r l y  advantageous f o r  record ing  t h e  

f i n g e r  plethysmogram. F igure  3, f p r e s e n t s  an example of  a plethysmogram 

when a co ld  s t imu lus  i s  app l i ed  t o  t h e  antebrachium. The technique f o r  

r eco rd ing  t h e  f i n g e r  plethysmogram i s  a l s o  excep t iona l ly  s imple.  A 

c y l i n d e r ,  having t h e  appropr i a t e  d iameter ,  from a Luyer o r  

"Rekordl' sy r inge  i s  s l i p p e d  on t o  a f i n g e r  which has  been l i g h t l y  l u b r i c a t e d  

. 5 



w i t h  v a s o l i n e .  

by means of t h e  three-way cock. The ze ro  p o s i t i o n  of t h e  r a y  is  veri-  

f i e d  a f t e r  several minutes.  

The s y r i n g e  cannula i s  connected w i t h  t h e  pneumovibrator 

A r eco rd ing  of t h e  plethysmogram is p o s s i b l e  from a Novitskiy-Mosso 

plethysmograph. 

P r e s s u r e  of Blood and Other Liquids 

It is  p o s s i b l e  t o  r eco rd  t h e  a b s o l u t e  v a l u e s  of ar ter ia l ,  venous, 

c e r e b r o s p i n a l  f l u i d ,  and i n t r a o c u l a r  p r e s s u r e  by means of t h e  pneumovibrator. 

When t h e  l i q u i d  p r e s s u r e  i s  measured, t h e  a i r  system of t h e  pneumovibrator 

must b e  h e r m e t i c a l l y  sepa ra t ed  from t h e  p r e s s u r e  source.  This  i s  most 

simply achieved by means of t h e  l i n i t i n g  dev ices  desc r ibed  above. I n  

t h i s  case, t h e  l i m i t i n g  dev ice  c a v i t y  i s  f i l l e d  from one s i d e  w i t h  a physio- 

l o g i c a l  s o l u t i o n  o r  w i th  a c i t r a t e  s o l u t i o n .  The r eco rd ing  s c a l e  depends 

on t h e  r i g i d i t y  of t h e  chosen l i m i t i n g  device.  

The pneumovibrator i s  c a l i b r a t e d  wi th  a inercury o r  aqueous manometer. 

F igu re  3 ,  b,  c p r e s e n t s  sample recordings of t h e  a r t e r i a l  and cerebro- 

s p i n a l  f l u i d  p r e s s u r e  i n  a cat. 

Mechanograms 

The pneumovibrator makes it p o s s i b l e  t o  r eco rd  on t h e  o s c i l l o g r a p h  

d i f f e r e n t  mechanical processes  - such as t h e  motion of t h e  tho rax ,  t h e  

c a r d i a c  impulse,  movement of  t h e  mandibles,  l imbs, c o n t r a c t i o n  of i n d i v i d u a l  

muscles ,  e tc .  The technique f o r  recording these p rocesses  does no t  d i i i e r  

from t h a t  desc r ibed  above. The senso r s  can  be c u f f s ,  rubber  c y l i n d e r s ,  o r  

c a p s u l e s  which are connected with t h e  a i r  system of t h e  pneumovibrator by 

means of t h e  l i m i t i n g  

F i g u r e  3 p r e s e n t s  sample  recordings of t h e  c a r d i a c  impulse i n  man (g) and 

dev ices  having t h e  chosen r i g i d i t y ,  o r  w i thou t  them. 
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mechanograms during m a s t i c a t i o n  of a n u t  k e r n e l  (h) .  

Thus, t h e  desc r ibed  device i s  almost u n i v e r s a l  i n  i t s  a p p l i c a t i o n  f o r  

recording on a MPO-2 o s c i l l o g r a p h  d i f f e r e n t  mechanical p rocesses  con- 

nected wi th  a p r e s s u r e  change and p rocesses  which can change i n t o  p r e s s u r e  

f l u c t u a t i o n s  i n  t h e  r eco rd ing  system. The pneumovibrator can be recom- 

mended f o r  e x t e n s i v e  use  under experimental  and c l i n i c a l  c o n d i t i o n s .  

Its u t i l i z a t i o n  i n  MPO-2 type o s c i l l o g r a p h s ,  w i t h  t h e  r eco rd ing  on 

wide, self-winding paper ,  is  p a r t i c u l a r l y  promising. 
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